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ABSTRACT 


This report contains test results on Stage II, LGM-30 F and G, 
ANB-3066 propellant from unlined cartons and nine lined cartons. 
Data were compared to previous MANCP data to determine the effects 
of aging on ANB-3066. Testing was accomplished under MMEMP Project 
4MP-054P. 

Unlined carton data for a specific parameter was consolidated 
into a single linear regression analysis. "Worst lots" described 
in Section III, were used in regression analysis of three tests. 

One lot with average tensile properties was subjected to 
further testing to determine other properties of the propellant. 

Lined carton data are presented in Appendix A. 
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GLOSSARY OF TERMS AND ABBREVIATIONS 


| Aging Trend A change in properties or performance result- 
H 
i 


ing from aging cf material or component 
CSA Cross Sectional Area | 
| DB Dogbone | 
| Degradation Gradual deterioration of properties or performance 
E Modulus (psi), defined as stress divided by 
strain along the initial linear portion of the 
curve. 
EB End Bonded | 
Bey Effective Gage Length | 
em Strain at maximum stress | 
er Strain at rupture 
"F" ratio — The ratio of the variance accounted for by the 


regression function to the random unexplained 
variance. The regression function having the 
most significant “F" ratio is used for plotting 
data. The ratio is also used in detecting signi- 
ficant changes in random variation between 
succeeding time points 


JANNAF Joint Army, Navy, NASA, Air Force Committee 
MANCP Propellant Lab Section at Ogden Air Logistics Center 
Ogden ALC Ogden Air Logistics Center, Air Force Logistics 

Command 
ror R The Correlation Coefficient is a measure of the degree 

of closeness of the linear relationship between two 

variables | 
Regression The general form of the regression equation | 
Equation is Y = a + bx | 
Regression Line representing mean test values with respect 
Line to time 
Sp Standard error of estimate of the regression 

coefficient 
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GLOSSARY OF TERMS AND ABBREVIATIONS (cont) 


Se or Sy.x 


Sm 
Sr 


Standard 
Deviation (Sy) 


Strain Rate 


" c" test 


Variance 


3 Sigma Band 


90-90 Band 


Standard deviation of the data about the 
regression line 


Maximum Stress 
Stress at rupture 


Square root of variance 


Crosshead speed divided by the EGL 


A statistical test used to detect significant 
differences between a measured parameter and an 
expected value of the parameter (determines if 
regression slope differs from zero at the 95% 
confidence level) 


The sum of squares of deviations of the test 
results from the mean of the series after divi- 
sion by one less than the total number of test 
results 


The area between the upper and lower 3 sigma 
limit. It can be expected that 99.73% of the 
inventory represented by the test samples would 
fall within this range assuming that the popu- 
lation is normally distributed. 


It can be stated with 90% confidence that 90% of 
the inventory represented by the test samples 
would fall within this range assuming that the 
population is normally distributed 


SECTION I 
INTRODUCTION 
A. PURPOSE: 
The purpose of testing LGM-30F Stage II ANV-3066 propellant is 
to evaluate the effects of aging on operational motors containing 
this propellant. Propellant data obtained from this test period are 
related to previous testing of ANB-3066 beginning with Phase A 
(Jan 72 - Dec 73). Testing was performed accordiug to MMEMP Directive 
GTD-2C, Ameadment 1, MMEMP Project 4MP-954P and MANC? Projects 


4185-12-73 and 4186-12-73. 


B. BACKGROUND: 

Service life testing of ANB-3066 block propellant began at 00/ALC 
in 1966. This report contains data from Phase A (four test periods) 
and Phase B (one period) testing. 

Failure criteria for propellant which were developed from struc- 
tural analysis are given in Aerojet Report 0162-OQ6AS-F. Inner bore 


hoop strain failure is the predicted failure mode. Failure criterion 


for allowable strain for storage and ground handling at 60°F is 4.9%. 


This value decreases to 4.3% for booster flight (First stage burning) 
at 60°F and increases to 11.5% for flight (Second stage burning) at 


60°F. 


SECTION LI 


SUMMARY OF TEST RESUL''S 


Regression analyses are shown in Sections LV through XIV and 
are summarized in this section. Unless "worst lots" are referenced, 
statements refer to testing of all lots. 

lL. Low rate tensile shows a statistically significant increase 
in ali parameters except stress at rupture. 

For "worst lots" only strain at maximum stress and modulus show 
a significant trend. 

2. Very low rate tensile shows a significant increase in strains 
and stress at maximum as opposed to "worst lots" which were chosen 
because of significant decreases in strain, 

3. Hardness shows a significant increase. 


4. High rate triaxial tensile does not show significant trends, 


although "worst lots" show a significant decrease in stresses. 


5. High rate hydrostatic tensile shows a significant decrease 
in strains. 

6. Low rate biaxial tensile shows a significant increase in 
strains. 

7. Stres3 relaxation shows that there is a significant decrease 
in modulus at. 1000 sec. 


"Worst ios" show a significant increase at 10 sec and 1000 sec. 


: 8. Gel swell ratio is decreasing and cross-link density is 
increasing. 
9. Orly minimal changes have been noted in thermal properties. 
10. Lined carton data are statistically different from unlined 
carton data from the same propellant lots. Insufficient data covering 


a very short age span have accrued to establish trerds (See Appendix A). 
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SECTION III 


STATISTICAL APPROACH 


The statistical approach presented here applies to the unlined 


cartons. Statistics for lined carton data are present.ed in Appendix A. 


Linear regression was used as the method of data evaluation. A 
least squares trend line was established for the data. This method 
was applied to data which included all Phase A and Phase B testing. 

All available data was classified by manufacturing lots. In 
order to determine what lots, if any, could be pooled, a succession 
of linear reyressions was employed to determine those lots which had 
statistically significant trends. 

Analysis of covariance techniques were applied to each test 
parameter to determine if all lots in a statistically similar group 
could be pooled for trend analysis. Age at test was the coveriant 
parameter. This procedure computes a linear regreseion estimate for 
each lot and performs appropriate statistical tests to determine if 
regression slopes and intercepts among the lots are significantly 
different. If the lot-to-lot differences are not significant, the 
data from these lots are combined to obtain an estimate of the 
population regression line. 

Using this technique, seven lots could be pooled to provide a 
single estimate for each parameter for the three tests (Very Low Rate 


Tensile, Str2es Relaxation and High Rate Triaxial Tensile) considered 


oe 


as 


: 


to be the most important for motor stress analysis. These lots 
encompassed a cross-section of the motor ages in the inventory. 

by These seven lots, which have the steepest slope in the direction of 

| the failure criteria, have been termed "worst lots". Regression plots 
for the "worst lots" are provided for the three tescs referenced. 

The symbols representing each lot are shown in Table 3-4, 

The data representing all lots were combined to provide a 
composite regression analysis except for Very Low Rate Tensile, 
Stress Relaxation and High Rate Triaxial Tensile. Only those para- 
meters having a significant aging trend have been reported. 

Computad statistics for covariance analysis of strain at maxi- 
mum stress are given in Tables 3-1 through 3-3. This parameter was 


chosen because failure criteria for strain capability are available. 
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Plot Symbol Legend 


Lot Number 006 
Lot Number 015 
Lot Number 027 
Lot Number 028 
Lot Number 035 
Lot Number 041 


Lot Number 043 
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SECTION IV 


TEST PROGRAM 


All certon propellant on hand manufactured privr to 1 May 1972 
was subjected to random selection representing approximately six 
years of propellant manufacturing. Twenty-six percent of this avail- 
able propellant was set aside for testing over a two year interval. 
Approximately one-fourth was to be tested each six months. This 
propellant was then sub-divided into three groups for determination 
of failure properties and characterization tests. This report con- 
tains data from the first group of Phase B testing and all Phase A 
testing. 

One carton was recalled for further testing based on the mean of 
the low rate tensile strain at maximum stress. Characterization 
data (failure envelope, strain dilatation, etc.) ave given in Section 
xIV. 

Motor serial number, batch number, lot number and date of 
manufacture are listed in Table 4-1 for propellant tested from unlined 
cartons. ‘ests and data evaluations are given in Sections IV through 
Section XIV. 


Information on lined cartons is given in Appendix A. 


TABLE 4-1 


Motor Serial, Batch and Lot Numbers 


Motor S/N Batch Lot Date of Mfg. 

AA20018 002 5070 
20028 005 65111 
20037 005 65126 
20053 006 65193 
20098 004 65279 
20142 009 66003 
20176 012 66060 
20187 010 66074 
20203 010 56101 
20247 015 66165 
20275 014 66214 
20296 017 66242 
20317 018 66277 
20339 016 €6300 
20357 019 66322 
20383 018 67009 
20401 020 67037 
20419 022 67066 
20447 022 67121 
20463 024 67159 
20479 024 $7213 
20505 025 67306 
20529 027 €.8037 
20557 029 68153 
20569 029 68197 
20577 028 68195 
20583 028 68241 
20585 028 68240 
20633 032 69035 
20645 032 69073 
20672 033 69203 
20702 M4709 035 69293 
20734 M4907 036 70089 
20772 M4952 039 70188 
20805 M4931 041 70278 
20817, M4901 043 70320 
20836 M4954 943 71033 
20868 M4946 042 71127 
20872 M4918 042 71137 
20888 M4919 045 71172 
20899 M4949 045 71200 
20914 M4912 047 71229 
20922 M49 36 047 71256 
20939 M5101 048 71292 
20960 M4960 048 71344 
20973 M4978 048 72120 
20982 M4954 049 72046 
20990 M4909 050 72967 
20994 M4972 049 72081 

AA21001 M4933 050 72122 

ye 2 


SECTION V 


LOW RATE TENSILE 


This test uses a 1/2" thick JANNAF dogbone. The specimens are 
tested at a crosshead speed of 2.0 in/min (strain rate 0.667 in/in/min 
based on an EGL of 3.0 determined by use of an electrical strain gage). 
Storage tenperature is 70+ 10°F. 

Phase A and Phase B propellant aged 14 to 110 months and tested 
through 74182 has been used in these regressions. 

Except for maximum stress, all parameters show a statistically 
significant increase (Figures 5-1 through 5-4). "F" ratio, "t" and 
correlation coefficient R are all significant. The trend for strains 
indicate an increased strain capability. No ageout for at least two 


years past the oldest data point is predicted based on strain 


capability. 
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SECTION VI 


VERY LOW RATE TENSILE 


This test used a 1/2" JANNAF dogbone. The specimens were tested 


at a crosshead speed of 2 x i074 in/min. 


Regression analyses of the “worst Lots" using a single tailed 
"ct" test show that there ig a statistically significent decrease in 
strain and statistically significant increase in stress and modulus 
(Figures 6- through 6-5). 

Data from all lot testing shows a statistically significant 
increase in strains and maximum stress (Table 2-1) with intercepts 
similar to those of the last report [MANCP 298 (74)]. 

Very low rate tensile testing is related to strain capability 
under storage conditions. The “worst lots' show a much greater 
strain capability than the alert limit of 4.9% at 60°F. No ageout 


is predicted for the next two years beyond the olcest data point. 
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SECTION VII 


HARDNESS 


The tab ends of JANNAF dogbones, prior to tensile testing, are 
used to obtain hardness readings. Shore A durometer readings for 
composite lots are used in regression analysis. There is a signifi- 
cant increase in hardness as indicated by the 10 second readings 
(Figure 7-1). 

Hardness is considered to be a measure of continuing cure in 
the propellant during storage. Individual lots may show either an 
increase or decrease with decrease more common during the first two 


years. 
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SECTION VIII 


HIGH RATE TRIAXIAL TENSILE 


The specimen used for this test is a 3/4" GL rail, end-bonded. 


The rail is pressurized to 600 psi with nitrogen ani pulled at a 


crosshead speed of 1750 in/min (strain rate 1000/in/in/min based on 
an EGL of 1.75). The purpose of this test is to determine the 
failure properties of propellant under simulated firing conditions. 
The requirenent for inner bore hoop strain during flight is 11.5% 
(alert limit). 

Stresses show a statistically significant decrease for "worst 
lots" (Figures 8-1 and 8-2) while there are no trends for strains 
and modulus. The strain at maximum stress ranges trom 16% to 26%. 
The variability in the data may be partly caused by the number of 
specimens tested (usually one rail per carton). 


There are no trends when all lots are combired (see Table 2-1). 
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SECTION IX 


HIGH RATE HYDROSTATIC TENSILE 


This test is performed using a 3/4" GL dogbone. The specimens 


are pressurized with 600 psi nitrogen and run at a strain cate of 
1000 in/in/min. 

There is a statistically significant decrease in strains 
(Figures 9-1 and 9-2). The rate of change is greater than when 
last tested [MANCP Report Nr 266(73)]. Other parameters do not 
show a trend. Compared to the high rate triaxial data, strains 


for the pressurized dogbones are higher. 
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FIGURE 9-2 
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SECTION X 
LOW RATE BIAXIAL TEST 

This test is performed on a 3/4" GL rail, end-bonded. The 
Instron crosshead speed is 0.2 in/min (strain rate 0.1143 in/in/min 
based on an EGL of 1.75). 

Strains show a statistically significant increase (Figures 10- 
1 and 10-2). These parameters did not show a statistically signifi- 
cant trend when last tested (MANCP Report Nr 298(74)). The "F" 
ratio and "t'’ have increased as has the correlation coefficient, 
but variances have decreased. Stresses and modulus do not show a 
statistical trend. 

The iutercept for biaxial strain is lower and the slope greater 
than for 2"/min uniaxial data and high rate triaxial data but higher 


than for very low rate uniaxial, showing that strain is highly depen- 


dent on rate. Aerojet data, which uses a strain rate of .80 min”! 


= 


vs. uniaxial at .74 min’“, also shows a lower strain in the biaxial 
specimen. It would appear that the lowered strain in the biaxial 
specimen is also related to the type of specimen. A comparison of 


high rate triaxial vs. high rate biaxial specimens will be made at 


the next testing. 
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SECTION XI 


STRESS RELAXATION 


An end=bonded 1/2" x 1/2" x 4" specimen is used on the RCK 
Stress Relaxometer. Seven different temperatures were used in 
testing. Strains of 1% for low temperatures and 3% for other 
temperatures were used. 

"Worst lots" show a statistically significant increase in 
relaxation modulus for 3% strain, 77°F data, at 10 sec and 1000 sec 
(Figures 11-1 and 11-2). Since lot selection was not a factor in 
designing Phase A testing, there is no balanced distribution of 
motors by lot and there is a preponderance of data for lots 27 and 
28. 

Table 2-1 shows that there is a statistically significant 
decrease for slope at 1000 sec only. In the last report (MANCP Report 
Nr 298 (74). 1000 sec data also showed a statistically significant 


decrease in modulus. 
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SECTLON XII 
S0L GEL 
This test uses a 1/2" cube of propellant. Density is measured 
using cyclohexane as the reference. Extraction is made with chloro- 
form as the solvent. | 
There is a statistically significant increasing trend in cross- 
link density (Figure 12-1) and percent extractables (Figure 12-2). 
There is a statistically significant decreasing trend in gel swell 
ratio (Figure 12-3). There is no trend for p1opellant density. 
The increasing cross-link density is an indication of hardening 
within the propellant, (See Fig 7-1). As the cross-link density 
increases the swell ratio decreases because o!/ the reduction in size 


of spaces for the chloroform molecules to react. 
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FIGURE 12-1 


~€Z2@ 
maaagt 
mer eee lal ' 
‘rerere ' 


Mirras 


ND 


$10 21"0 ao") . 
JIS VTI'W = SEUNSBSW 40 LINN 


ISNA MNTISGCOYD = HAL. Whede 


~ TO-JFCOCGETE "+ 


TO-AB9COISTI’+ 
TO-iEOI 76911 °*+ 
T0=-s089S54TI °+ 
TO-SEEETSSTTI N+ 
TO-ALVISE VII + 
T0-4292z9¢2711°* 
TO=J TOEST STI + 


TV-AZFVIANHT IMS 
1T0-J6S710%11°* 


TO-ICIIVEETI P+ 
TO-306T9z2LI1 + 
TO-JdFLISETI”> 
1O-s87eeScr lies 
TO-39ZOOSEITI°+ 
TO-JEOSZHETI N+ 
TO-JsOBOVEETI N+ 
TO-4LGISCETT P+ 
TO-S8ECLT CTs + 
TO-4STSEGETI °+ 
10-4 Z5c 00 ii °+ 


~~ TO=JEISTECTTI "+ 


TO-397GEBCTI M+ 
TO—secTSecll°+ 
TO-JHOLIVCTTI + 
TO-slecescli’e 
TO-JeSborcli°+ 


~TO=IIEVT HC TIF 


TO-JETOEECTI C+ 
10-406S%722TI °¢ 
TO-JTLIGICTII + 


A NUTSS358934 


20-32 9095L90°%+ 
19-485560141 %+ 
19-355605S011°* 


~ T9-5956556S0T *+ 


13-365666201 °+ 
13-49353559T1 °+ 


~ TO-SOGE56T TI + 


VIAFP 54547265 oF 
T9-305670891 °+ 
CI~JLLH66E7CH "+ 
CI—ALLOS4hL25 M+ 
10-Jsb600L2101 °+ 
29-351LL556r75°* 
29-50566556Lzu °+ 
19-485556901 °+ 
TO-3L565517T “+ 
€3-3055t256 ot 
290-355 6665S6 °+ 
CI-30L 506784 "+ 
29-402 555699 °+ 
2I-ATs666LT6°* 


~CI~ICESSESLE “+ 


290-328 6566SL °+ 
29-4990662S6°+ 


“TI-FS5555ETT + 


13-3656595Z29T °+ 
22-43524556695°%+ 


“19=-365565001 °+ 


22-365655585 °+ 
19-495650S01 °+ 
TI-I55556901 °+ 


A aftniNia 


~ T8=3855 


idtd s2iTsoda Ty) 


TO-3256562ST °+ 
TO-s2602C5T1°+* 
TO-JLi55oSe 571 ° 4+ 
TO-5L56SCO0tI°%+ 
1O0-395b6662ET° 4+ 
TI-JIS5ES65CT T+ 
TH—494 44K 961 *4 
T9-2¢56+09S1°+ 
TO-SL54ES55E9T + 


IWsdZSSoGF7EI~ +, 
T0-39S6L2eT1 P+ 
EPS=SeS556700"+ 


TO-SISSSEDFI P+ 
S68 CT °+ 
TO-3LSESSTI1°%* 
TO-SL5SL2Te1** 
TO-se5s02¢1"4 
TO-SLEES5S5S21 P+ 
7e-aGa440505" + 
TO-JeSEtcyST "+ 
1O-3l5SS5e62eT°+ 
TO-3L65 oeyii'* 


*Y ALTSNIT ANT IWSSOSSI 


C0-430S69%1lic 

(-4S9BLTESL* + 
D-32CaT LIEV * + 
CO-STOOTSIET S4+ 
£O-41LISEE 923° 
£0-4ES99EzrTC°% + 
E0=-Fe9SCSOSC T+ 
FORM IIpes1r es 
CO-S3T8SDR9t1%+ 
CO-50E 75577" 
2O-3£260L>S1°+ 
tO-456L902¢5°+ 
cO-Jolsyetec*+ 
CO-STTSZ9ELT° + 
CI-AVHEZICEGI* + 
CO-ACTHLIIEE "+ 
€2-32eLTSCSt2°+ 
CI-IGHEFI2ZCET "+ 
CO-SEc ILZIET P+ 
2I-FTLZAZECZ + 
£9-39065c80 2 ° + 


CI=SIGEIL GET F 


CO=ATELG YC SI1- + 
C9-af0¥ILYC7° + 
€0-FTSLIC9%E 


lO-3e565e03c1°+ EU=—sCuGLeicirs 
TO-3L5556191°+ CO-3L5T1T99S5°+ 
TO-S6S5E66TET°*+# = ZO-SEGETC FECT 4+ 
TO0-30569592Z1°*+ E9-SETSS28Er"°+ 
10=-495656L21°* CO-STETIT0CL P+ 
TO-3L55969TT°+ 8 EC-3SECFSSTE? + 

A AOA EOR Noidvifsu 

PAVINTIS 

4a% S2]435 gwli 34 SISAIVNY 
tane SIiSATYNY SDISS 2954 4yahid 


Ta TGS 


TO =n YC? SECM 
tO-z 966% ceo? 
TI-3aSS¥12STt 
TC=3€ GESEF?CT 

o-2CEL90TL 11 
1G=-sT6SLlL2Z1 


TI-sOS59LPTCT 


Treas 


HsIc¢y 
TC-29ci2escl 
TC-30929 SETI 
TO~scso2E1ll 
W-so52Ce C1 
e030 b6UCCES 
Le=47 (VY ELSI 


T3-sl&¥cS¥el° 


“+ 
+ 


TE-sSe5¥L5cT~+ 


TO-2855bES01° 


TC-s1659S201 


1D-sLEZTICSII°s 
pris Seley digs ad 
£0—s0 7 po hd 
“T=-35S5LE0C af 
pag baa 
40=23 9241501"? 
tO -S or VLECLI ~F 
Sak Ca ra TI*4 
20-30955t595°% 
C=362cTECIt "+ 
D-sve5vll Ol °+ 
TO-st c55e711°+ 
Tr=-albahoCTl*s¢ 
A twat 
% x 
+xs x 


+ 
“+ 


! 


NO OG CV Tory ae 
on ra 


at 


t+ee ds yoeo 


QIN HT Ff MN 


ia) 


a) 


= 


{ 
| 


° 
Wenot 
S 


Sh 


° 
bg 


2 *3 3 Th: CF 


~ 


Soni an eas Eitan [cas a) 


la 
¢ 


‘ 
( 


if 


. 
gs us 
ont ond wt od met ne HE OL 


ev €F €) Cy ey 


co 
fal 


| 
} 


TF R=FTSTIVOZT HT I~-35565S0TT “+ 


10-JOLIYLoOlI °+ 
TO0-3 2068 46TT °+ 


“10=7J090Z7ERIT TF | 


TO-389EBEETT °+ 
T0-3S7668BTT °+ 


“TO=JOSIVISTT + 


TU-sacscerselicrr 
TO-3ISERBLYSIT Pr 


TO-302S228TT °+ 
TO-JL9IFTSTI Mt 
TO=S9CLSCSTI WF 
TO-328888LTi 

TO-3LT9E9LTTI + 


CI~-JIOL OH6ESb °+ 
T3~-3BSEZISTI + 


~TI=IESSZTEEHT TF 


T9~-30566602T °+ 
29-34596569% 

“TU~FRSHSUSET + 
CI-AFIOHOHCE SH * +t 
13-399556621 °*+ 


~— TO=FCOSVESTT + TI-FISESSSOT “+ 


ZI-FLL556E To °+ 
279-368 66666 °+ 
ZI=FESESSTLG 
T9-3L5656011 °+ 
Z0-3696556E5 °+ 


~~ TO=SLILIVITT* # ~~ 7I=3IZGGEETG6 “FF 


TO-3BVEBSELTI N+ 
T0-3S¢662i11°* 


TO=3080ETITT°# 


TO-38EZ909TI e+ 
1TO-3Z6EOL9TI P+ 


19-325666S2 1 °+ 
19-3256552T1°+ 


~ €0=3696556 76 °F 


C€I-IZLHH6d14 °+ 
19-455502eZi 


———TO=sE960LITT °F ~ TO=FOSEESTITII “+ 


TO-JEZTYSGIE °* 
TO-4dTB2ZLESTI° + 
“TO=SZTOCST SIT OF 
TO-JOL TS5STI°* 
TO-a8729uStl °+ 


TO=FSZESLSTiN Fe 


TO-320669S1i1 °+ 
TG-J6L719STI “+ 
“TO=SLEDIYVSTI “Ft 


A NOISS 4e93 5 


29-391 6550etE °+ 
T3-a2565b60Ti °+ 


“T3-39555687Z1 + 


CO-3a99556118 %+ 
2I—-sa9Lob5o0UEs°+ 
13=395S5569T O1 7+ 
13-395599S01 "+ 
19-3966568Ti°+ 
C3I=-32E 556526 °F 


A WAAINI® 


LO1Vd 31Iscjw3) 


TO-S5S690LTT*+ 
20-4S8656555°+ 
TO0—-35569%G621°* 
TO-31355SS8L59T "+ 
Ud-3estceolet rs 
T0-325655691 °+ 
TO=3SHS5LPT9T “F 
TO—46555t201 °* 
10-365655591 °%+ 
TO=355E5S9T1°+ 
10-s696su 7c °%* 
ce onside oh ae 
T0=$35 ESZTT °+ 
Haibane ig O78 + 
TO-du5556LE71°+ 
TO=3i5655S9T°+ 
T0-3955559049T °+ 
TO-42555¢0tT°+ 
D=395656I99T "+ 
€0-355655)015°+ 
TQ -sFSE09441S+ 
TU=3G6B6650CT + 
TO-385650821 °+ 
TO-d5o5b6olel °+ 
TO-3856551ET*+ 
20=365655915 "+ 
TO-4dL5556E¥T “+ 
T9=35565LL91°4 
TO-3L666bES1 °+ 


( 


ALISN3I9 WHT 


-O-SF90I7%e CU + 
= iecsee paaey SS + 
EQ—-slelseT+S°4 
~-O- 350TSTSET" + 
O-3LIOZGHE RO + 
O0-sC97TLS21°4* 
EQ=-FETSIO CECT? +S 
£0=469S 1 Gic n+ 
CO=—3999S1011°+ 
€O—-3T¢2Secslztt°+ 
ee Fare ees 
CO-AGEZELELS® 
E0=—3 252976 
SsYVL7c9GOll’+ 
ENV-SVECSTSELP + 
ZO-ABLSITIFiI + 
£0— ISSETIVIL” + 
EG—3e59TS5EL°+ 
CO-SCSTHOFeZ7 w+ 
CC-399LLESHO P+ 
-“jCELee lec? s+ 
COH-ICHSSIIGIS + 
CO-aSH¥LESSLI°+ 


mo Om) Ma) mmo 


20-3150 DBO" + 


TO—-495555991 °+ CO-sbESL95OEf 96° 
U=SI5595IN97T "FA «=60—6COKSESTOSZIZ* + 
wa! XUAN HOLLVIAZ?C 
CEVINTGS 

eee S25 7-325 SAiL as SASAV 
eae SiSAVVNG NOISSI4Dde 4° 39h) 1 


Ah 
~ve 


2) 459" 12s FICE 
{O=-sL6yvGEc TT "+ 
cC-slbovs9o-°4 
YO =2AEb6Y LOLI rs 
ICEL C92ZS5T s+ 
{0-sle5S9etc1°s 
TO-SSS4ZESGTI°+ 
TH239 75 oR TIS Tes 
CJ=26 75712 56" 4% 
Lo=4065 sbi 9t 74 
TE=2E SVC L301 °F 
TSo—=ZL 1262751 °+ 
19=sis$92<c01 “+ 
c= ~s0Tstsrvsrt 
TI-sicddcozirs 
10 aC 1EESSPE*S 
TO=STIBOL2cT Ft 
TO=$3C465572C1 + 
T9-E2usydedi°s 
TO=SECCSGLE CTF 
CI=40SGS9Zote s+ 
TOs SC9TEZET 

ie 


1G=siOVLEL IES + 
Toss T34Q6TT %s 


(U=s 855677 ££ 4 
cO=st LStVE is? 4 
Tl=-=leZOLlh °+ 
1o=sS69T2CCI 7+ 
1O-SEELLLL E14 
{n= 


sd @o6ectrt*+ 


1D-3SESHCCTI TF 


+ 


‘yate 


os | 


TYN OU 
| 
\ 


A 


iWudus 
NEM AL 
eh ee 
HIN 
am. 
‘IM 
MOO! 
fUONE = 
bre ctf 


. 


“mere se 


We been 
Vou 
UD tees 


anarr 
Jah | 


2 
rE 
( 


iho ldbbti & 
ML Weys 
OFZ22 
(TO Lae 
Me CaO 
Ce ewer Ory 


fu uu 
Apart 


vw wor) 


-C1 OC) 
#4 
outdiat 
eu 
amo 
ow > 
WF os 
Cte tz 
roan 
oma 


{ on 1 - - 1 nn 
N° 3 nna'y On 4 an 


Ot * + 
LNJDW4 1 = FHNGHIW JO LTNA 
SQIAHLIBHLXY = HAL WHee 


TOPIEITSOTIGOS "+ 
TO*aT2e2er775 °+ 
TO*3bO99SE7S°+ 
TOFIECTCHVOOAS “+ 
TO+4€66295E5 “+ 
TO+308EL5RES*+ 
TOF3ZSSZLTEC GES’ 
TO+aSStssati o+ 
1TO*3€2S900LE35 °+ 
TOFS TOEBVESES ° + 
10 4368726SSCS°+ 
TO*4S99COSES “+ 
TOFITSOREVES °F 
ID*#s0E72LEES °+ 
TGO+36TS9IOEES °+ 
“TOFSASETIMZES + 
TO*3Z8SSLICS + 
TO0*+s096601ES °+ 
TOFSL VC HSCS °F 
TO*3SZLEL525 °+ 
LO+3Z7TLET62S + 
~TOFIFO54VL RCSF 
TO*dceclelds *+ 
TO*4SSZ91L2S °* 
TOFSZE9NSSCs "FF 
TO*s07% C455 *+ 
1043945861925 "+ 
TGtJVBLESHZS “F 
TO+3IZFTSBEZS “+ 
1O4+3S7S22ECS "+ 
TOH*+3SLCSISCCs Ft 


A NGISSa%434 


TU+SF5656S84"+ 
TO+s656568C9"%+ 
LOr47565LL94%+ 
T9+300000GSLS "+ 
TO+at5550204°+ 
104#325666SiS°+ 
TI4+5556558C7°+ 
T342E5 554,907 %% 
Lots 9S559T99%+ 
LUFSEG656ETS*+ 
T0+38566606¢E *+ 
LOtdl 5657974 + 
TOF575656SSC "+ 
194355656¢ 7b *+ 
1943956562647" 
10*395656S89 "+ 
1944S56662C6 "+ 
10+315560984°+ 
T94395666905 "+ 
13*#455655rS% °+ 
LTO+49S 6605906 °+ 
TOFAIS6Sb999 °F 
194475006304 °+ 
TO4#300090CSL4°+ 
TI4+FGC565LIIS + 
ld tasasanvdC%+ 
TO43TS6S561E7°+ 
1904385556977 "+ 
TOtseSSS60%7% °+ 
19+30666150S *+ 
TO+3L5654T1S *4 


A wfiniwin 


Iotd 3Lissewo 


TO643555£ 54079 %+ 
TO4SSSE551S9"%+ 
T6430 365900 9%+ 
TO4+575555907"4 
TO438565569S"+ 
1044565556067 °+ 
TOF275 £5E: 


1904399909999 °+ 
TOFZTBES589L°+ 
104345250753 "+ 
LO43a¢505¢35%"+ 
TOFFUSESSTIIS 
1043839556%75S 
TO43Ssto08Ted 
TO+SB5656ESTL*+ 
TOtsd9SSSET SES P+ 
104375553015 °+ 
TOF S37ES5EASLS 4 
T04395955¢5E9°%4 
IC+a9S666%15°4+ 
TOFSCSb5EeLI + 
TO4*5S5tcEDLS 
104355855£C03 


TO4+3956 
TO#3TSE 
1043256 
TOFI95E 


*(STIEVLITEINA 


CI4+ICOLIO9ctY 
COFZEZTLEITZI 
15-424999Sc6$ 
OCOFSELB9TFII 
C9478S242ECS 
CO43ZLELeeece 
COF4FCCLE VEZ 
TOH=4OST Leese 
COFSTS 951199 
004527 Z6S7l5 
CO04+32¢3S%996S 
O-sattligtesly 
TO-SELIIACSE 
CO4+4ECORTTZS 
COFFS EGHleee 
CI4F37SESCECT 
OCOF4CeHIVFEC 
COFJOLTTesct 
COF+FETEZISTE 
O045L6éiTe2 50% 
TO-aISECCIEL 
COF IZ TORE FEZ 
COFFS 29CL OLE 
0944859S 
CVFILECH 
So4 300 
0441496 
COFITC? 


rs 


+ 
+ 
+ 
a 
+ 
+ 
+ 
4 
+ 
+ 
4 
4 


oO 
ul =_ 


Oy 
Of «ee 
FIM uy a 


3J SISATENY 


“ted 
eso 


re pe mt md od 
Py e635 


> €3% £) 


ok 
a] 


| 


Cy OF LO CS SS 


tnt ne 
fa ke u 
Aer. 


ow 
u 


au te 


rN yy 
SRF ON DMMONNS 


a 
APIO 
++ eH Hee eee ee eee + 


uw 
hr. 
lon 


u 
TUN AL om oe 


a 
os 
~ 


ent co) cmt 
"ub tar 
Daa 
rn 
gs 


, 
Hou 


Lo) i © a 
“FP uUunnr~ es 


nk ® eo, 
ft 


ro 


tt et 
s°)2 °°. OF 
et 
~~ 
my 
wr aAlL we 


.t 


a 


~ + eee Heese eee eee e + 


- 


L1G1¢ 


311504859 


€ 


v 
aa 
aS 
v 
~ 
oe 
“i 
tv 
+ 
» 
u 


TOFS52Z9I0698S "+ 194595666909 %* INFZESESSHTI°?# TO-39C496R9704%+ = To*st ste Zlis*+ > CrEIy 
TO*SIESZITES°+ T9I*FESDOOIZ9°*+ 104491555 EeC9°* TO-StlLTLivCs?* [04*#=0964%507%+ % ade Ht | 
1G6*3859S95LS°+ 19%50665H0E7°* T043SGSES ES79°* TO-SL079S50TF%*# Tl +sarevediry*+ + C* coi 

~TOPICSHHVEELS "H+ TI+S7CS66C5C9"+ TC4FSSESTIEI°*+ = TO-GTSILECCEPE+ «6TD42TESSLITG + 5 wi 
TO*FZCLOTLSLS°+ §=1943595656669°*+ 194306 655t0L°9* LO-dtCZZ2L9IC%%* Lo 4se 55h litres 4 os 
TO*ZTSE90SLS° + «10445955 0597°* 1944 E5E56959°+ TO44ISOOLITI°* Lo4sE 7729725 + t C*ts 
NHFIENSSNeTs TIF I7555NG FF °° + Th44/ GF- fel ein TV-AGEEHNCHE Oe TheITChI7 TBE oy ‘ i 
TO0es065E9CL5°* 8104385555757" 10445556566¢135 COFSETSITSCI°# Wtsyetycels°s ” re 
TO0*3892521L5 194#3S5565610S °+ sagan otece <> TO-sTteLetv7Cl e+ [l4+eTiseesls°s Z. at 3 

~ JFOFECOLVOLIS*t TOU+FJOIOOISTI"+ TO04+3LS666L1729"°+ TLO-SVTOSSCtT + T0458 98975C59%+ y dl? | 
i%*sucyvlissys*r tartsaiovoucrv7 "+ Letayag0ccyes’ t+ Curate sucval’t iL ta0vecocte°?+ ran c*cy 
TO0*#386251695°+ 1045955566189 °+ 104359565641 L°+ CO*F400S7L5¢E2°+R TC4+5R 9E59TLI°O+ > C* $e 
TO*3S8STOS89ISG "+ 1345955560 %4°+ 1043555555195 CO*aSilstecre + Tl*+sTiss1Ssh + ct ee 
10430S681295 104395556015 TC Fa ZEESEIGIS + =F04SG9YCCOCI(S°*# = 1D4=SCCU 6253 ° + ct ‘Sage ~ 
T0*326022S93°+ 1345090000SS°* 1945235525472 °+ C$O+sCCIlLs3dol°*+ [l+sh ec crt res ct ‘Heaeed 3 ‘ 
TO+SISIOGEIS "+ = 1934585555515 °%+ 1345556556219 "*+ CC+306E5C5 TO+5S09T 9924 Zt = Lhe mae 
TO*3SEZSZE9S°+ 1043245656L1729°* 1943T6ESE6CTE9°*+ COF4ABIZLSEZL2*+ =T04sLE554055° % C°SGé 
199322966296 °+ 1939%537256669S6°+ I945L5ESELLI°+ COF+FF0OIDS%6EE°# 1945666097130 9°4 ev omy 
rie peak elie T9*309000S2ZS *+ TC45y566e1Sl 7+ COFISIEETEC TO#25Tco 4 OC1T9%+ IT : CL 
TO04*#s2S1L60S5S 19*%405666596 °+ 104525¢5675C°% TO-5ST GE lLCEr ?+ {C+#3196555*S°4 + Oh oF i 
digi tegoucs*s 19459556689E°*+ [104395554 1TES°+ COFACZ7HHGELE* + T04+eod lee ce °+ c °ES 
TOFS 5 Z00ESS "°F = 194595655557" | =TT4575ESEVEO T+ «=CO4FGCCESTOCIE*® «©6060 45T 669 ait > eal Se 
310446S50699SS°+ 10451S56669TS°+ 104355655929 °+ COF4C71CSTEZ*+ TO*SCEZEesES® ra *S) 
TO*#392BlESS5°* 1349855559975 °%+ Tu456$655rS55°* COFSCHCTISbh e+ = LOrae Tt peat + ? ae 

~ FOS LICOVE SS "H+ TOs S554EFEE TH TH4FIS547S5HHT Se TIAL LI 7i T+ TS 4sh CEE 27 74 ree; 
1060432€150CS5 13439555606%°+ 10455565685 9°+ [10-9929 SLSE°*# 10 4a59S%ecdr *4 % Cr Rs 
TO+s6TT771SS°*+ 194595655567°* 194596565: 9LL°*+ IDFFES0ETIFT& + nl hh BT a 

~ TOFS9608LOSGS "+ TO+FOTOD0SL "+ 10457665698 5°+ TO-SECISVOET® + «= TB4GHlSE Cols ” C°oS 
10447882T0SS°%+* 1934325560994 °%+* 194385555989 °% COFFTED¥OSSEST + 14s roc le os b 6°Ss 
T043192L909S°*+ §1D45T26S568S9°%*+ T04deSESESTL E+ 004323199050 %+ IC +4L20006c7° + c* 9c 
TO*FICOITE 9S °*+ = T0458565E 290 FH) 104590552 E9L5°* 8 COFsoD EEO ESS TS4 ot CyvlTeele*%s¢ ci Ces 
4 “31SS$33934 A aOWiINin A wlaikdn ROLLYLASD A YY ae =| ee ae ASeindand 
: a" ere ; CEevIndis ; Saanissc= = Bue 

wee $34798 sata sy SASAINV AY He 
eee SAISATIYVNY NIISSS2Is¢ eVetil » t 
- ute 


OS aS Ns Oe a ee eR ee ae Oe 


£570 312SOdn39. (0714 Tams 139) 199 155 99f2 at 

LTO+4VEvySZ9E *+ 19+5355508ShE °+ IS +454 6E91T%9%* C3430 ES92UC% + If*+alLeL ilies a Om? os8, 
TO+30ES6LE9C + 19454353947 7TC°+ T94915'552377 %4 T9—3TE 96 +L1e4°4+ 12 43¢ cee a7 7 2% > -*88, 
TO*SZ00LSE9E° + §1945356S50SLE°+ ID*439SHTELIES*+# = 29O-SES7LILE EE + TO*SLELST4Léi *+ 4 or ce 
IO*FIDELSYSE* + 1D45555STITIE**+ TLO4+FTISE6EILIE E+ = T9KGPDEZTIIC PT +) U0 4arbor Hh Te ot 4 res 
TO*3SGOBESIE®+ TDFFZ551G99E%* 104505655555 °4 LOSS YSF LES *H T0450 9 Ce tei %4 | Le 
LO*ILS79IIG9E ° + = 19455955E0ZE P+ 8 T9FSUSS7ASIE SH CVG EZLETCZ% 4+ =TO4-Lt6TE5O Oe $4 rene 
102362895592 °*+ = LOeeZSSLETIL T+ 10% 2556CR LIE %# Ter as£9224472°* C+ l LO 7 Hy 64 oe 5 i a 
LTO+FTIGTEZ9VE + = TDFSI5SOZT7VZES + = T0F3G DEES CES*# TOR 45% 82r ENC Pe 10 4af* oe dice + 7 le"! 
TOF39GSTS9I9E P+ «TNF BHSSYGLEE SH «TNF Z55SILDLE SH OOH FEGLLCSET YE + TO 4e Te ee ca rece 
1044s 266L9G9c e+ iJtsayao5eSdrir*+ bV*tsovie tio? ? Ovesetostalic’ + Mi tart Stasi" # Re : 
104388200L9E °+ TD45056c2ELE SH 8194559590950 9%+ FOS 290577 % + TI es Celtelyvdr ° ZI Crt 
TO*Z0S99ELIE° + =19457S5T S96 M+ T94sT625 L105 %4+ g=sRCTOCL 7° + ICtsazt719*tt°s id cf 
TO*SZSZOSSLIE°*# T2*sC5aZEVSE°+ TL2vgescio ion? WOSCOVZ7EICT P+ WCF Ch ccgtse ° 4 ag Lele 
TO*SYSECOLIT + TO044nFAZ2FCZE%*% TOF 3AeS5SESHZHP4 OTHATCR ST SSCE M4 TD 4ZE OEE OST M4 l nor 
TOFS IGOLIC99E + =e 55555rL YE os TIOFEZSECTOUNS+# «CH 29ST It ot Voss e Ct Gays cs 5 4 
YOC4BTTOSEIE°s® To4ayo0dT5Z0°%* T04+sT ot DLGEEP + TIDE SF ar LTE + TSA Zee OTE es 7] C*° az 
TO+308YB8LE9E°# 19450569 75SE Se LOFS5SSEHGEOE P+ = TD-3L*9S0seT e+ Tl 4+SlLolcricsi es 4 Segt Od 
TO*FE4B89069E P+ = 999355455 E59 PDFS 5DOTOTIES+ TCese Th ccste* + TO*SSCLO$* oro 4 4 Ce“? 
TO*2Z¥TZSE69E°+ T945TSaZ47EC%+ «L943 ESS9IGSGE TH COFZ049725R CL PH TOHGECT EAT 4 . hel 4 
TOCILLSESEIE° + LIFFILSSIGSLE + 1045955719 25°*+ C94F5G65G99F5EE M+ TR 4s€ COO 6 404 %4 ai | =a 
TO*F6OE6THO69TP# «1945056ENZ097°%*+ 194305691949°*# COFSE2STE9CZ° + = T04ac2i1Gsct + + aes & 4 
VO*tsTixcOcOac’®+ israsuceo7isye’ + TO+s7o6)0CC7°*+ Fl4aeeO1Ssli°+ TO*=l 22400: °+ t a a 
TOPJZELIBYVOLE®+# TDF3STSESCS7EES# 1043975592 LT97°* COKE CTTT9EZ% 4+ Tea Eye ocee 84 Gc ‘thee a 
TOF3SVILLOLE°# T1945 TDH4C IDE TH «TOFS LOERESO HES «TDK ATTLOCTCS°*+ 154s Te Lti + Hen? 
TO*ALOVSOILE®*+ ideal oSoSSsTc + 19432255 9ESG7EP*+ FC O4ZEOT COLT e+ 1O459S9C 1Iti°4 Z ( 
TO*JO9LEC TLE *+ T945CS56iCLEE 4+ TC+5cSb4 277% ClAGCGO7 4ST P+ Ti 434 CPHC LCE P+ ae | hale 5 
TIFIATHSTZ9OT LE °%* «0154372655555 %4 1945 7559G5 05 PH TPAZSECTSOE SP 4 TOeat eb72 T+ * 4 . Cet 
10*I4OSCOTLE**+ (OFSFEHLOTZE°# 8 104359755699607°* COealelLvuoloc®+ TO+=SLOLEcct %4 cl Ahad | 
TOFIPOBEICLE °+ T94stSS999LE oO + 1943425519330 °+ To-aeceLosce’s¢ IC 4#Js9Cee 16: f° “ Sack oe § 
TOFSBECL9CLE *# = T942ESSCGOZEE M+ = 1044 L559667E 8+ P95 OSRO ETL S84 VW tele hf 4 Ces 
TO*3NOIGLCLE°+ =D 4555547etE Me TO432559L9C5°* TO-g*TCTLLYI 4 C402 c Cha °s 7 ages Sf 
A NOISS3¥53 i A qe TT A KINTXITA NOLISTAS A NTS -o ‘ey ? (32 

ceyycis So NAY 7 By 4h aes 

3*% S52=2=55 Jwiki 327 SISAMNY wan 
wane SIEATMY YUPSSANNES Sea 37 eens 


wal ee eee ae ae gp ER RR TT LL I NOCH. NE le YT A 


{ 
1 


TO+JOIL ACL HE °+ 
TO*S96LLOE7E P+ 
TO4312S 798% ° 
10436652164 °+ 
TO+3TSEIOCSE °+ 
TO+JETL9ECSE St 
TO+5Je497TEUSE + 
TO*+36TE61ISE °+ 
TO4FTETR>TSe + 
1043 9T 670CS¢ °+ 
LO#45BLZELECSE P+ 
19043099TS7ZSE °* 
TO+372TO06CSE° + 
TOFIIDELIHESE °+ 
TO+FIEESTEYS 
1043 L9S864Se °+ 
TO0+35c69TSSe °+ 
TO4FTOESYSSE °+ 
TO4+3S2OCOSGE °+ 
TOFIO9OLESISE °+ 
1043 459STI1SE°* 
TO+39SHEVLGr + 
10+406SO00E8SE "+ 
TO439CELGESE°%* 
10430727 CVEGE °+ 
TO+IS41666SE °+ 
TO#ALIGLCIPE *+ 
10446L5SS09E °+ 
TOFITYZHENGE f+ 
TOFIETIZIITIE St 
TO+SBELCOYIIE “+ 


A NUiSS3¢6934 


a 


13+35399C%726C °+ 
L345 c5HTADIE Mt 
1394389559582 °+ 
TI+alSvb4%cTt °+ 
19438551520 °%+ 
TI4+FCSSSLEIT EO + 
TIFISUGILOPE °+ 
T243956CLT9E°+ 
TIFSTSEFIIOE O+ 
LotsvbSbsecle*+ 
T34+3656LT9S5¢t °%+ 
T9*3C5694724°+ 
13+39565F UF °+ 
TI+245HERLZE PF 
T5+al50E05SE °+ 
T944S5S5897EE “+ 
TIt+ays65C9GE °+ 
TO499561 TS 0E %+ 
TO+Fb50LN7ZE °+ 
T9459561LS9E °%+ 
10435156CS92E °+ 
1343495595901 9¢°%+ 
TVFSELLOSOCE P+ 
LD4F45950599€ ° + 
T3*32562cL2C °+ 
To*srsb6t0S3se + 
TI FS755KTYIVES OF 
12439555954 °+ 
19 es aa ag 
pane + 

OOlt’+ 


19433353 


101d S1ISI0dK 


TQ439665 950 
194325567969 
TO4 956519596 
LOF+sdE Sev OL te 
1394S TSSELT EE 
TO+SL5E2°03TE 
POFIOS* 13 
TC4+3dG9 6698 


) 
’ 


xy oy ry 


toe oe 
ae ae 


vay Du OME 
Sho ai od fo oD ur he 


Pe ea 


nw! 


1435666658 
TS4375¢ 
10+3466I)E2s 
104399565 oF SE 
104#5965515Sc 
TOFS 15SEC rity 
TO44aG5ETLL>E 
TO436661191¢6 
194475£398S35<c 


FEED 


LO#+43560CL LE 
TV4395FSSC1ST 
LO#3cSt2eSct 
1943054741 3¢ 
Th432 SOT 9h 2s 
TO+SZ0LEEVSLE 
TA4F3AISG84S9RF 
10432560 1% 
TOSS CSS STC? 


* 
* 
+ 
uw 
u 
~* 
' 
Ue 
a 


CISATS 


“\- 


BS eed (ED 


CO+5 
12-4019 862% 
T9O-4recOes Gl 
TQ-43VELST StI 
C4 3TSL1S6REF 
COFFZ7EBIEL 
=A GEPOL Sy 
BE a Meet 
TO-369G1E649 
ied ts Se ra 
CO4+SL1440¢E7¢F I 
ON43Eeor77e] 
ONSICELH YT CY 
CVFFCETLEN TZ 
NO+3€E4 2HL05 
NDF3ZO7MEM 
PI-GCK CLES] 
P9455 T IC COE? 


Yi 3D SUSA TV 


e 


+ 
+ 


+ 


+e hee eH ei ieee teeeeetee eet 


~+ o> + 4 


TASKS 


of£S¢t lacl*+_ 


[C+ G9lcll 
10427 05C SS 
LO4S06C0C4C 
OE Pad a oe ay rs 
GEE aot as Orde ere 
Th 4 4G e407 
IC 4#=-CZ7E 29 
Le Haier 
10427 CHC 
LCOta LOE SL 
Tf 42T6s° Tz 
LO Fa6Li¢205 
LC ta VOR 
1043902 yal 
PASH ELL 
(ota Stt Te 
TC +sG2S¢C cr 
TO4#3€ BETS? 
1G4+356°%2 Té 
1243564 7 1t 
10t322 74% 
1C42046406 
Cab fect &€ 
TO 4a Nest eS 
Tlaitoncye 
AOFSSL USS 
LO4=7e83s2 
Tlaav4+Z1c 
IC4=€e¢ TOL 
j 3 


st many 


“4 


ra 


~~ 


n 


10+369808 = 7E °+ 


A NIJISSI093¥4 


A 


ANAINiw 


Ad 341S5d403_* 


tNti ys Na2h5 1325. 128 


TO#3aCSOsOZTE + 10422655921 E°*+ LITT MWeLc + IO4+be CIs 


A wWewIiXva BIEVISSY ART 
z GeVubvsis 
eee SJI4GS Gwit 4D SISA y x «x 


“wees SISATWNY NOISSS393% 4YGKI1 cece 


Ss 


AD-A061 373 OGDEN AIR LOGISTICS CENTER HILL AFB UTAH PROPELLANT L==ETC F/G 21/9.2 
PROPELLANT SURVEILLANCE REPORT. LGM=30F* STAGE IIe ANB=3066, (U) 


SEP 75 E M DALABA 
NL ; 


UNCLASSIFIED MANCP=324(75) 
202 


SECTION XIII 
THERMAL ANALYSIS 

Several different tests were run to determine thermal proper- 
ties. Most did not show any statistically significant trends with 
age. 

a. Thermal Coefficient of Linear Expansion was run on the 
DuPont 990, TMA attachment 942. TCLE below the g/ass point shows a 
statistically significant decrease (Figure 13-1). However, it is 
the TCLE above glass point which is used in stress analysis and 
there is nc trend in this parameter. There is nc trend in glass 
points. 

b. Differential Scanning Caiorimetry was run on the Perkin- 
Elmer DSC-1. A change from manual to computer caiculations reveals 
changes in the total An. Early testing (Phase A, Series I and 
Ill) shows marked differences from each other. Further refinements 
in data acquisition and interpretation will be required to determine 
if these are significant trends. 

c. Imgnitability is done using a .050" wafer in the Arc Image 
Furnace at a flux density of 168 + 5 cal/cm? sec. There is no 
statistically significant trend over three years of testing. 

d. Burning rate data are obtained from burning strands with 


500 psi nitrogen pressure. There is no statistically significant 


trend over three years of testing. 


e. Pressure Time is run on a 5 gram specimen using a high 


pressure Parr Bomb (500 psi initial nitrogen pressure). There are 


no significant changes. 
Minimal changes in thermal stability are present, but correla- 
tion of these changes with structural integrity has not been 


determined. 
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SECTION XIV 


CHAPACTERIZATION TESTING 


One carton was chosen for further testing based on the mean 
values of Low Rate Tensile data. This so-called characterization 
testing reletes some properties not studied in depth in regular 
testing. Failure envelope, relating strain rates and temperature 
to tensile parameters, is one test. Poisson's ratin, a measure of 
dilatation is another. Characteristic Tear Energy is a fairly new 
measure of cohesive energy. The carton chosen was from Lot 27, 
AA20546. Data are presented in tabular form in Table 14-1 through 
14-4, 

1. Thermal Coefficient of Linear Expansion data are shown 
below and above the glass point. These data are similar to other 
TCLE data for this lot (Table 14-2). 

2. Yoisson's ratio was determined using the RCK gas dilatometer. 
Dilatation is small below 10% strain (Table 14-2). 

3. The temperature corrected failure envelcpe as drawn by the 
computer does not show the characteristic shape observed in other 
propellants. Another carton from the same lot was selected and a 
second failure envelope run which was also uncharacteristic. The 
variability in the data from the two cartons at a given temperature 
and crosshead speed is sufficient to explain the differences in the 
curves of the two failure envelopes (Figures 14-1 and 14-2 and 
Table 14-3). 


144-1 


4. Two types of specimens were used for Characteristic Tear 
Energy. One type developed by Thiokol, uses a 5" x 1.68" x 3/8" 
rectangle bonded to wooden tabs with a centrally located slit. The 


equation used to calculate tear energy is c= KdEp where; 


c = Characteristic tear energy 


k 


Constant for specimen configuration = .222 
a2 = Crosshead displacement at initial cracking 
En = Relaxation Modulus taken from master stress relaxation 
curve where ER vs log t/aT is computed for each temperature and t is 
time in seconds for crosshead travel. 
The second type, developed by Lockheed, uses a smaller propell- 
ant sample, 3" x 1" x 0.1" with a 0.50" slit at the edge and bonded to 


wooden end tabs. The equation used to calculate tear energy for this 


type of specimen is c = .187 h/100 
Fc 
where: c ®@ Critical stress = (W-R)t 


= Critical Strain 


Fe = Critical load 


= 
s 


Sample width 
K = Cut Length 
t = Sample thickness 


L = Sample gage length 


Data from both types of specimens are given for 77°F testing 


14 - 2 


(Table 14-4). It is obvious from these limited data that character- 
istic tear energy is dependent upon crosshead speed and type of 
specimen, : 

This limited testing does not show trends, since the carton 
tested was an average one. In the future "worst lots" will be used 


to evaluate propellant characteristics for aging trends. 


Glass Point 


To, °G 


-78 


TABLE 14-1 
TCLE 
Before T, 
x10~> *c7t 
5.41 
4.25 


4.00 


TABLE 14-2 
Poissons Ratio 
15% 


- 388 


14-4 


After T, 
x107> *cul 
7.42 
7.25 


7.17 


TABLE 14-3 


Failure Envelope 


Crosshead Strain Stress 

Temperature Speed @ Rupture @ Rupture 
AA 20546 -40°F 0.02 .170 232 
- ° . 187 237 
| .199 229 
0.2 . 237 289 
-231 301 
- 206 289 
AA 20545 0.2 - 256 555 
-272 546 
: -271 561 
F AA 20546 2.0 .282 361 
4 . 239 387 
.211 384 
AA 20545 2.0 - 265 367 
. 314 362 
-276 360 
AA 20546 20°F 0.2 . 208 163 
.233 160 
-208 160 
: AA 20545 0.2 .249 126 
; . 256 156 
; 247 160 
i AA 20546 2.0 241 198 
4 .209 203 
-205 207 
: AA 20545 2.0 -252 192 
| .297 181 
a .280 186 
AA 20546 20.0 . 334 235 
i 215 266 
/ .216 265 
i AA 20545 20.0 261 241 
311 230 
] . 285 236 
AA 20546 77°F 0.02 215 104 
-204 104 
214 104 
0.2 -242 112 
.241 112 
-238 112 
AA 20545 0.2 .274 138 
-234 115 
- 285 112 
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TABLE 14-3 (Cont.) 


Failure Envelope 


Crosshead Strain Stress 
Temperature _ Speed @ Rupture @ Rupture 


20546 2.0 sak 133 
. 282 124 

.253 132 

20545 2.0 . 328 132 
134 

: 133 

20546 pe 167 
155 

: 150 

20545 165 


20546 
20545 
20546 
20545 
20546 
20545 
20546 


20545 


PI ee 


TABLE 14-3 (Cont.) 


Failure Envelope 


Crosshead Strain Stress 

Temperature Speed @ Rupture @ Rupture . 
AA 20546 20.0 244 129 
-255 129 
} -218 124 
‘ AA 20545 -288 110 
; - 308 108 


| 286 111 
| 311 109 


(-71 Pansty 


a a 


TABLE 14-4 


Characteristic Tear Energy 


Thiokol Type Specimen 

Crosshead Speed 
Lin/min = L/min 
-8512 -8521 
+8218 -5729 


1.374 


Lockheed Type Specimen 


Crosshead Speed 


L_in/min l/min Ol/min 
2.140 1.393 -8524 


2.279 1.227 -9102 


1.975 1.231 +8232 


APPENDIX A 
LINED CARTONS 
A. STATISTICAL APPROACH, 
Lined propellant cartons prepared by Aerojet were tested for 
the first time in 1974. Propellant used in these 9" x 9" x 9" 
cartons represented five different lots, only two of which were 
represented in the unlined cartons. ‘The data tor lived and unlined 
cartons were stratified into two groups and st itiscically analyzed 
to define any significant within-group and amoig-group differences. 
The following procedures were followed in these analyses: 

1. Bartlett's Chi-square test was u ed to test for homo- 
geneity of variance within each group. The computed x2 for the lined 
and unlined groups were 2.2297 and 2.6822 resp: ctively. These values 
tested at <= .05 were not significant, indica! ing homogeneous vari- 
ance within each group. 

2, A standard F test atO\ = .05 was used to determine it 
there was any significant difference of variance between groups. 

Data from lots 49 and 59 covering the age spa: of 21-23 months were 
used in this test. The computed F value of 2.9855 was greater than 
the critical value of 2.45 (<= .05), and indicated a significant 
difference between the variances of the two groups. 

3. Because there were significant group-to-group variances, 


a modified "t" test was performed to determine whether the group means 


were similar, This test makes use of a computed critical value 


of “es 


2 2 
toritical =t)(S; /n4) + t2(S, ‘n9) 


s/n, + 82 /n, 

where t) and ty are the tabular t values for each group respectively 
and determined at an appropriate confidence level and degrees of 
freedom: 

Cr = C(1- e/2) (ny-1) 

tg = t¢y- e/2) (ny-D) 

1° and S52 are the respective group vari inces. The computed t 
statistic of 3.443 exceeds the critical value >f 2.279 which indicates 
a significant difference between group means, 

Lined carton data is significantly different from the unlined 
carton data as shown in Table A-1. 

The brief age span (six months) precludes regression analysis. 
The data are tabulated in this report for reference. 
B. TEST METHODS. 

fest methods are the same as those used fur unlined cartons 
except for tests related to the liner bonds. J.tner bond tests are 
hydrostatic bond shear and constant load tensile and shear. 
Cc (EST DATA. 


Motor serial numbers, lot numbers and dates of manufacture are 


shown in Table A-2. Other data are shown In Tables A-3 through A-LO. 
D. DISCUSSION OF TEST RESULTS. 
1. Low Rate Tensile. 

There are both within-lot and lot-to-!ot differences with 
lot 54 showing the lowest strains and the highest stresses and 
moduli. The strain values of this lot are con:istent with all lots, 
but the values for lots 50, 52 and 53 are much higher. See Table 
A-3 and compare with summary sheets in Section IV. 

2. Very Low Rate Tensile. 

For this test as for low rate tensile lot 54 shows the 

lowest average strains and highest average str:sses. See Table A-4. 
3. Low Rate Biaxial Tensile. 

Lot 54 holds the same relative position for all parameters. 
See Table A-5. 

4. High Rate Hydrostatic Tensile, 

Although the modulus for lot 50 is hixher than for lot 54, 
the other parameters show that the relative po: ition for this lot is 
the same. See Table A-6. 


5. Stress Relaxation. 


The master stress relaxation curve fo; all lots is shown in 
Figure A-l. Lot 54 shows the highest relaxaticn modulus, although 


AA21L015 has the highest modulus at 77°F. The rankings of individual 


blocks vartes at different temperatures. 
6. Hardness. 
Lot 54 has the highest hardness and lot 52 the Lowest 


(Table A-7). 


7. Tear Energy. 


The data for Lockheed type specimens are given in Table 
A-8, It is obvious from these data that the pattern for an increase 
in tear energy with higher rates is present, but it is not wholly 
consistent. Changes with temperature are neither apparent nor as 
consistent. 

8. DSC. 

These data are similar to data for th: unlined cartons and 

are shown in Table A-9. (See Section XIIIb.) 
9. TCLE. 

The TCLE both above and below Tg appeirs to be higher than 
for unlined cartons (Table A-10). Lots 50 and 53 appear to be more 
consistent than Lots 52 and 54. 

10. Case Liner Bonds 

in many cartons the liner is so irregular that there is deep 
penetration irto the propellant. Figures A-2 and A-3 show the irreg- 
ularities in the bond line. The worst case is AA21082 where the 
liner extended 0.2 in into the propellant. For these specimens 


propellant was cut 0.3 in. 


a, tlydrostatic Shear, 
Specimens were tested on the MTS at 100 in/min with 
600 psi nitrogen pressure. Several adhesive-to-end tab failures 
occurred, and there were sevcral other instances of secondary ad- 
hesive failure. Data are given in Table A-1l1. 
b. Constant Load Shear and Tensile 
These specimens were stored at 20°F for four months, 
then at O°F for four months before bonding. ‘several weeks elapsed 
before all specimens were tested. 
(1) Shear 
Only eight specimens were t. sted at 20 psi. Of 
these, three were discontinued before break. Table A-12 shows the 
actual stress and time to failure. Those sp:-cimens which had pink 
Liners showec varying degrees of tackiness. ‘his means that when 
the halves were placed together with slight oressure, a greater 
force to separate them was required than was ised in rejoining them. 
(2) Tensile. 
Data are shown in Table A-13. As with the shear 
specimens, many showed some tackiness. 
Those specimens which had buff-colored liner did 
not exhibit tackiness between liner and propellant although there 


was a slight stickiness in the liner itself i) the liner was thick. 


$ 
N 


CONCLUS LONS 

Until more data has accrued, no definite conclusions can be 
drawn concerning the case liner bonds. 

The fact that some liners show more tackiness than others is a 
matter of concern. 

The test results are not conclusive of early failure for two 
reasons: (1) adhesive failures and (2) insufficient data. 


At a later date, it may be possible to reconcile the apparent 


differences between lined and unlined cartons »y comparing data on 


an age basis rather than lot basis. 


ea ee 


3Is €97°€ 3ts 


(so°=3) 3 (S0°=9 
3 4 
Io 3g 30 BIS 


S86°2 


“S'KN 


T66°S 


(SO°=n) 
TeoTa749 
7X 


L6Z2°7 


€7-12 


€2 


(a6 


Td 


789°C 


72-12 


1Z 


27 (syquoy) 
a3y 


T869S000°0 
T€LE0000°0 
079€000°0 


7E67T OOO’ O 


9806T000°0 
02TS80000°0 
08S6T70000° 0 


OTZOTZO00" 0 


N 
nN 


ssa1jg wunwTxey Je uyeiis 
a ynuzw/UT Z000° 
aTtsual aqey MoT A19A 
OS pue 6Y S307] JueTTedo1q 


ZONVIYVA GNV SNVAW JO NOSIYVdKOD 


T-¥ Flavl 


ZE”7YOLT°O 
9999761 “0 
666569T °0 


99999410 


TE9EZT YI“ O 
666L7£1°0 


666£7Z£T 0 


uesy 


14 


(a6 


ST 


z 


TeIoL peury 


TeIOL peutTTun 


oso 


670 


poutT un 


3071 
uoj1e) 


TABLE A-2 


Test Motors 


Serial Nr and Batch Nr Lot Date of Manufacture 
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TEAR ENERGY 
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5470 
5110 
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- 3369 
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-8210 
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. 3250 
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3675 


- 3878 
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- 3130 
. 5280 
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5292 
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TABLE A-8 (cont) 


‘Temp 

Motor No CHS 40 ii 120 160 
.1/2 . 8072 . 5340 . 5696 .2019 

. 9664 Bes SW, .4749 . 3637 

.9436 25591 .4507 3496 

1.0 1.555 -6417 . 7647 9868 

1.184 1.263 . 5505 .9813 

1.283 1.049 69441 1.030 
AA2 1032 OR42 .4085 .4040 . 2962 .4440 
. 5610 53533 . 2003 .2920 
. 5994 .4418 .2378 .3220 

.1/2 .6°38 5731 . 5098 .4334 

27321 .7061 .4607 .4903 
.6/24 25183 .2378 .6576 

1/20 1.621 29255 23795 .8011 

1.474 . 6880 . 7246 . 8796 

1.237 .6917 . 5892 . 7207 
AA21053 .O1/.2 .3212 £9544 .4851 .2188 
4085 8078 . 5076 3199 
Lost AOT9 .2928 

1/2 1.832 1.014 £7278 6639 
3669 =—-1.159 .5998 .4306 
.9961 .5314 .4256 

1/20 1.399 1.975 1.058 1.057 
2.523 1.983 . 8437 . 7306 

2.017 1.076 1.359 
AA21056 .O1 .7505 .8057 .4048 .2159 
.9617 23291 . 5624 .1974 
.5797 . 7043 62226 

el 1.429 2821 - 9888 2441 

1.795 1.249 .6612 . 3204 

1.370 .6161 .3029 

1.0 2.138 3366 1,50 .5982 

2.132 . 7439 . 7802 .4584 
1.221 1.024 .4850 
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FIGURE A-2 


All specimens show irregular bond line 
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TABLE A-11 


4YDROSTATIC SHEAR 


on Time-To Type of Failure % 
Motor Nrs > = Sttese Failure PL P2 CPP CPR 


AA? 1008 tae rye .223 sec 
114.8 144 


‘az1010 °° .209 
.221 
.159 


-09 
#435 


AA2 1018 -135 


AA2 1032 ss 169 
; .09 


AA2 1053 = 860 
.133 
.243 


AA21056 - 203 
Z - 208 
-167 


AA21072 "3 .157 
215 


AA2 1082 ae -142 
-179 
- 186 


TABLE A-i2 


CONSTANT LOAD SHEAR 


Carton Nr Actual Time-To Type of Failure % 
Lot Nr Stress psi Failure, Min rt | Le cep =ocPR:S UL 
AA21008 60.89 38 50 50 
Lot 052 60.64 13 95 5 
41.57 $9 5 5 
41.76 3.2 2 98 
19.99 20190 2 98 
| 20.09 900 109 
; AA21010 60.64 .075 25 75 
H Lot 050 60.89 067 20 80 
| 41.74 4.45 10 90 
| 41.57 3.28 1 15 84 
af 
| AA21015 60.64 a 25 75 
| Lot 050 60.99 244 15 1 84 
| 42.19 32 50 1 49 
‘| 41.73 4.75 ae | 79 
| AA21018 60.45 07 80 20 
| Lot 049 60.16 27 
| 41.83 13 
| 41.92 «at 90 10 
i 19.89 2490 20 80 
Tt 19 .96 627 50 50 
| | AA21032 60.64 .12 40 60 
| Lot 052 60.89 Pes 60 40 
| 41.76 1.87 “ 35 62 
| 42.14 1.6 2 40 53 
: 4 
| AA2 1053 60.64 .05 30 70 
i Lot 054 60.89 .08 10 90 
i 42.19 7 20 80 
41.73 5 10 90 ff | 
| | 
AA21056 60.89 waa 80 20 | 
Lot 050 60.64 06 90 nt) | 
41.57 1.4 70 30 
41.76 0.03 30 © 
18.65 2189 20 80 | 
. 18.69 2949 30 70 | q 
AA21072 60.89 0.1 95 5 | 4 
Lot 053 60.64 25 98 2 | 
41.57 2.88 95 5 a | 
41.76 5.07 80 20 | 4@ 
19.99 2430 60 40 fe 
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TABLE A-13 


CONSTANT LOAD TENSILE 
i Type of Failure % 


Carton Nr Actual Time-To 
Lot Nr Stress, pst Failure, Min Pl 2 cPeP  6cPR CULO | 
AA21010 59.73 56 15 85 | 
Lot 050 59.91 94 5 50 45 | 
41.11 4613 20 BC 
7 41.19 1759 25 75 
AA21015 59.73 1.4 100 
q Lot 050 59.91 2.7 45 55 
i 41.16 1349 80 20 
: 41.19 72.4 95 5 
AA21018 59.73 .68 2 78 20 | 4 
Lot 049 59.91 2 75 2 35 
41.28 6.1 80 20 > | 
41.54 12.8 30 70 | @ 
AA21032 59.73 .77 5 40 55 | 
Lot 052 59.91 1.4 60 40 i 
41.25 19.7 2 58 40 | 
41.35 10.5 75 25 | 
AA21053 59.73 .05 20 20 60 
Lot 054 59.91 08 10 40 50 
41.25 4.4 20 10 70 
41.35 13.7 10 20 70 
AA21056 60.45 7.8 95 5 
Lot 053 60.16 1.75 95 3 
41.83 207 60 40 
41.92 1 5 95 
AA21072 60.45 1.5 99 1 
Lot 053 60.16 .03 100 
41.83 906 95 5 | 
41.92 972 29 x0 
19.89 10254 Discontinued i 
19.96 10254 Discontinued | 
AA21082 59.73 1.6 60 40 
Lot 054 59.91 4.8 40 60 
41.28 169 5 40 55 
. 41.54 81 5 70 25 
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